This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problems Mailbox. 



# 



•UROPEAN PATENT OF^ipE 

Patent Abstracts of Japan prA fi? 



CITED BY APPLICANT 



PUBLICATION NUMBER 
PUBLICATION DATE 

APPLICATION DATE 
APPLICATION NUMBER 



08097641 
12-04-96 

27-09-94 
06231049 



APPLICANT 

INVENTOR 

INT.CL. 

TITLE 



FUJITSU LTD; 

TAKAHASHI KENJI; 

H03F 1/02 H03D 7/12 H03F 3/193 
H03F 3/68 

HIGH FREQUENCY MODULE 



Pinl o 



Ptn2» 



Vdd 



o Poull 




ABSTRACT : PURPOSE: To reduce the circuit scale and to make the circuit small in size by using a 

common bias circuit for high frequency modules used for mobile communication terminals 
or the like thereby simplifying the configuration of a power supply circuit. 

CONSTITUTION: A drain of a transistor(TR) 1 is connected to a drain power supply Vdd 
via a decoupling circuit 2. Furthermore, a source of the T^ and a drain of a Tr2 are 
connected by the decoupling circuit 2 and a source of the Tr2 connects to ground, then the 
Tr 1f Tr 2 are connected in series in terms of DC and they are made independent in terms 
of high frequencies. Furthermore, gates of the , Tr 2 are connected to a gate power 
supply Vgg via a voltage drop resistor Rg and connected via a decoupling circuit 3 to allow 
the Tr 1f Tr 2 to be connected in parallel in terms of DC and to be made independent in 
terms of high frequencies. A high frequency input P jn 1 is given to a gate of the TRr 1f 
which amplifies the input and generates a high frequency output Poutl . A high frequency 
input Pj„2 is given to a gate of the Tr 2 , which amplifies the input and generates a high 
frequency output Pout2. 
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Abstract 
Objective 

The objective of this invention is to provide a type of radio frequency module for 
performing amplification, frequency conversion, etc. of radio frequency signals. More 
specifically, this invention provides a type of radio frequency module which enables 
miniaturization and reduction of power consumption. 

Constitution 

The source of first transistor Tn and the drain of second transistor Tr 2 are connected in 
series through first decoupling circuit (2), and the drain power source is fed to the drain of first 
transistor Tn, and, at the same time, the gates of the first transistor and the second transistor are 
connected in parallel through a second decoupling circuit, and the gate power source is fed. The 
first signal input is sent to the gate of first transistor Tn, and the first signal output is obtained 
from its drain; the second signal input is sent to the gate of second transistor Tr 2 , and the second 
signal output is obtained from its drain. 
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Diagram illustrating the principle of this invention 
Key: 1,2,3 Decoupling circuit 

Claims 

1 . A type of radio frequency module characterized by the following facts: the source of 
the first transistor and the drain of the second transistor are connected in series through the first 
decoupling circuit, and the drain power source is fed to the drain of the first transistor, and, at the 
same time, the gates of the first transistor and the second transistor are connected in parallel 
through a second decoupling circuit, and the gate power source is fed; the first signal input is 
sent to the gate of the first transistor, and the first signal output is obtained from its drain; the 
second signal input is sent to the gate of the second transistor, and the second signal output is 

obtained from its drain. 

2. The radio frequency module described in Claim 1 characterized by the fact that a radio 
frequency input is sent to the gate of said second transistor, and its drain output is coupled to the 
gate of the first transistor, and at the same time, a local oscillation signal input is sent to the gate 
of the first transistor, and an intermediate frequency output is obtained from its drain. 

3. The radio frequency module described in Claim 1 characterized by the fact that a radio 
frequency input is sent to the gate of said second transistor, and its drain output is coupled to the 
drain of the first transistor, and at the same time, a local oscillation signal input is sent to the gate 
of the first transistor, and an intermediate frequency output is obtained from its drain. 
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4. The radio frequency module described in Claim 1 characterized by the fact that a radio 
frequency input is sent to the gate of said second transistor, and its drain output is coupled to the 
source of the first transistor, and at the same time, a local oscillation signal input is sent to the 
gate of the first transistor, and an intermediate frequency output is obtained from its drain. 

5. The radio frequency module described in Claim 1 characterized by the fact that the 
first signal input and second signal input are sent through matching circuits to the gates of said 
first transistor and second transistor, respectively, and the first signal output and second signal 
output are obtained through matching circuits from the drains of said first transistor and second 

transistor, respectively. 

6. The radio frequency module described in Claim 1 characterized by the following facts: 
die first signal input and second signal input are sent through matching circuits to the gates of 
said first transistor and second transistor, and, at the same time, the first local oscillation signal 
input and the second local oscillation signal input are sent to them, respectively; the first 
intermediate frequency output and the second intermediate frequency output are obtained 
through matching circuits from the drains of the first transistor and second transistor, 
respectively. 

7. The radio frequency module described in Claim 1 characterized by the fact that a local 
oscillation signal input is sent to the gate of said second transistor, and its drain output is coupled 
to the gate of the first transistor, and at the same time, a radio frequency input is sent to the gate 
of the first transistor, and an intermediate frequency output is obtained from its drain. 

8. The radio frequency module described in Claim 1 characterized by the fact that a radio 
frequency input and a local oscillation signal input are sent to the gate of the second transistor, 
the intermediate frequency signal obtained from its drain is input to the gate of the first 
transistor, and an intermediate frequency output is obtained from the drain of the first transistor. 

Detailed explanation nf the invention 
[0001] 

Industrial application field 

This invention pertains to a type of radio frequency module for performing amplification, 
frequency conversion or the like of radio frequency signals. More specifically, this invention 
provides a type of radio frequency module which enables miniaturization and reduction of power 
consumption. 

[0002] 

At the mobile communication terminal, such as a cellular phone, car phone, etc., a 
module circuit having many FET assembled in it is often used for various purposes, such as 
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amplification of radio frequency incoming signals, frequency conversion to intermediate 
frequency signal, etc. 

[0003] 

The circuit constitution of the radio frequency module should be made as simple as 
possible so as to miniaturize it and to cut the power consumption by reducing the loss of the 
power source circuit. 

[0004] 
Prior art 

As a reception system used at the terminal of a mobile communication device, the 
diversity system is mainly adopted. For this purpose, a dual-system type is needed for the radio 
frequency module for receiving by performing amplification of the received signal, frequency 
conversion, and other functions. 

[0005] 

Figure 10 is a diagram illustrating an example of the constitution of a conventional 
receiving circuit. In order to meet the demands of a diversity system, it is a dual-system radio 
frequency module, (a) illustrates the overall constitution, and (b) shows the constitution of the 
low-noise amplifier circuit. 

[0006] 

In Figure (10)(a), the 2 systems of the circuit needed for the diversity system of reception 
are indicated by subscripts 1 and 2, respectively. ANT, and ANT 2 represent the antennas of the 2 
systems, respectively; Fil u and misrepresent the filters on the input side to remove the 
undesired waves; LNAi and LNA 2 represent the low-noise amplifiers for amplifying the received 
signals; Fil 2 , and Fil 22 represent the filters set on the output side to remove the undesired waves; 
and MDC, and MIX 2 represent the mixers for converting the received signals of the two systems 
to the intermediate frequency (IF) output. 



[0007] 

In Figure 10(b), Tr, and Tr 2 represent field-effect transistors (FET) or bipolar transistors 
which perform low-noise amplification for radio frequency inputs P in 1 and P in 2 to generate radio 
frequency outputs P ou t 1 and P ou t 2, respectively. For Tr,, gate power source Vgg is fed from the 
power source unit through a filter constructed of inductor L„ and capacitor C„ , and drain power 
source V dd is fed from the power source unit through a filter constructed of inductor L, 2 and 
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capacitor C, 2 . Capacitors Coi and C 02 are capacitors on the output side of gate power source Vgg 
and drain power source Vaa , respectively. 

[0008] 

For FET 2 , gate power source V gg is fed from the power source unit through a filter 
constructed of inductor L 2 , and capacitor C 2 i , and drain power source V d<J is fed from the power 
source unit through a filter constructed of inductor L 22 and capacitor C 22 . Capacitors C 03 and C04 
are capacitors on the output side of gate power source Vgg and drain power source V dd , 
respectively. 

[0009] 

Problems to be solved by the invention 

At the terminal of the conventional mobile communication device using the diversity 
system, for the dual-system received signals, the dual-system radio frequency module with the 
same structure is used. In the reception mode, the dual-system radio frequency module is always 
in operation mode. 

[0010] 

At the terminal of the mobile communication device, such as cellular phone, car phone, 
etc., for the constitution of the transmission output unit that generates the desired transmission 
power, the power source voltage is usually high, such as 6 V or 12 V. On the other hand, the 
optimum power source voltage for the receiving circuit is 2-4 V. Consequently, for the dual- 
system radio frequency module, there should be a DC/DC converter, voltage dividing resistors, 
or other voltage converting circuit for generating the required power source voltage. 

[0011] 

Consequently, for the conventional radio frequency module of this type, the constitution 
of the power source circuit is complicated, and the loss in the power source unit is high. Also, the 
power consumption of the overall device is high. This is a problem. Also, as a voltage 
conversion circuit is needed for the power source unit, it is hard to realize miniaturization. 

[0012] 

The purpose of this invention is to solve the aforementioned problems of the 
conventional methods by providing a type of radio frequency module characterized by the fact 
that it is used at the terminal of the mobile communication device, and it facilitates 
miniaturization and reduction of power consumption. 
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[0013] 

Means to solve the problems 

(1) Figure 1 is a diagram illustrating the basic constitution of this invention. In the radio 
frequency module of this invention, the source of first transistor Tri and the drain of second 
transistor Tr 2 are connected in series through first decoupling circuit (2), and drain power source 
V d «j is fed to the drain of first transistor Tn, and at the same time, the gates of first transistor Tn 
and second transistor Tr 2 are connected in parallel through second decoupling circuit (3), and the 
gate power source is fed; the first signal input is sent to the gate of first transistor Tn, and the 
first signal output is obtained from its drain; the second signal input is sent to the gate of second 
transistor Tr 2 , and the second signal output is obtained from its drain. 

[0014] 

(2) In the case of (1), a radio frequency input is sent to the gate of second transistor Tr 2 ; 
its drain output is coupled to the gate of first transistor Tn, and at the same time, a local 
oscillation signal input is sent to the gate of first transistor Tn, and an intermediate frequency 
output is obtained from its drain. 

[0015] 

(3) In the case of (1), a radio frequency input is sent to the gate of second transistor Tr 2 ; 
its drain output is coupled to the drain of first transistor Tn, and at the same time, a local 
oscillation signal input is sent to the gate of first transistor Tn, and an intermediate frequency 
output is obtained from its drain. 

[0016] 

(4) In the case of (1), a radio frequency input is sent to the gate of second transistor Tr 2 ; 
its drain output is coupled to the source of first transistor Tn, and at the same time, a local 
oscillation signal input is sent to the gate of first transistor Tr,, and an intermediate frequency 
output is obtained from its drain. 

[0017] 

(5) In the case of (1), first signal (fi) input and second signal (f 2 ) input are sent through 
matching circuits to the gates of first transistor Tn and second transistor Tr 2 , respectively, and 
the first signal (fi) output and the second signal (f 2 ) output are obtained through matching 
circuits from the drains of first transistor Tn and second transistor Tr 2 , respectively. 
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[0018] 

(6) In the case of (1), first signal (f,) input and second signal (f 2 ) input are sent through 
matching circuits to the gates of first transistor Tr, and second transistor Tr 2 , respectively, and, at 
the same time, the first local oscillation signal (f„) input and the second local oscillation signal 
(f 12 ) input are sent, respectively, and first intermediate frequency (f„ ) output and second 
intermediate frequency (f, 2 ) output are obtained through matching circuits from the drains of 
first transistor Tri and second transistor Tr 2 , respectively. 

[° 019 ] 

(7) In the case of (1), a local oscillation signal input is sent to the gate of second transistor 
Tr 2 and its drain output is coupled to the gate of first transistor Tr,; a radio frequency input is 
sent to the gate of first transistor Tr,, and the intermediate frequency output is obtained from the 
drain. 

[0020] ' 

(8) In the case of (1), a radio frequency input and a local oscillation signal input are sent 
to the gate of second transistor Tr 2 , the intermediate frequency signal obtained from its drain is 
input to the gate of first transistor Tr,, and an intermediate frequency output is obtained from the 
drain of first transistor Tr, . 

[0021] 
Operation 

In the basic constitution shown in Figure 1 , the constitution of a dual-system low-noise 
amplifier is shown as an example. The drain of transistor Tr, is connected through decoupling 
circuit (1) to drain power source V dd , and, at the same time, the source of transistor Tr, and the 
drain of transistor Tr 2 are connected together through decoupling circuit (2), and the source of 
transistor Tr 2 is grounded. In this way, transistors Tr, and Tr 2 are connected together in series for 
DC and, at the same time, they are mutually irrelevant for radio frequencies. Also, for transistors 
Tr, and Tr 2 , while they are connected to gate power source V gg through resistor R g for dropping 
of voltage, their gates are connected together through decoupling circuit (3). In this way, while 
they are connected together in parallel for DC, they are mutually irrelevant for radio frequencies. 

[0022] 

For transistor Tr,, as radio frequency input P in 1 is sent to its gate, the radio frequency 
signal is amplified to form radio frequency output P out 1 . Also, for transistor Tr 2 , as radio 
frequency input P in 2 is sent to its gate, the radio frequency signal is amplified to form radio 
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frequency output P ou t2. Transistors Tr, and Tr 2 can operate independently for the radio 
frequency. 

[0023] 

In the circuit shown in Figure 1, transistors Tr, and Tr 2 are connected in series to drain 
power source V dd for DC. Consequently, it is possible to make use of a higher voltage for drain 
power source V dd than that in the case shown in Figure 10. Also, as transistors Tr, and Tr 2 are fed 
with the gate bias in parallel to each other, it is possible to make use of the circuit of gate power 
source V gg as shared by them. Consequently, in the circuit shown in Figure 1, the constitution of 
the power source circuit can be simplified, and at the same time, there is no need to have a circuit 
for dropping the voltage. Consequently, it is possible to realize miniaturization of the circuit. 

[0024] 

Application examples 

Figure 2 is a diagram illustrating Application Example 1 of this invention. It shows a 
dual-system low-noise amplifier constructed of FETs, which include FET, and FET 2 for 
amplifying radio frequency inputs P in 1 and P in 2. The FET unit generates radio frequency outputs 
P out 1 and Pout 2 by said two FETs, respectively. FET, and FET 2 are connected in tandem between 
drain power source V dd and ground. Also, the source of FET, and the drain of FET 2 are 
connected together via a decoupling circuit constructed of inductor L, and capacitor C,. Drain 
power source V dd is connected via a decoupling circuit constructed of inductor L d and capacitor 
C d . Crf represents the capacitor on the output side of drain power source V dd . 

[0025] 

Also, the gates of FET, and FET 2 are connected together via a decoupling circuit 
constructed of inductors L g , and Lg, and capacator C g . Also, gate power source is connected 
via voltage-dropping resistor Rg. C sg represents the capacitor on the output side of gate power 
source Vgg. 



[0026] 

As shown in Figure 2, there is a decoupling circuit constructed of inductors L g , and Lg2 
and capacitor C g between the gates of FET, and FET 2 , and there is a decoupling circuit 
constructed of inductor L, and capacitor C, between the source of FET, and the drain of FET 2 . 
Consequently, they can operate independently from each other for radio frequencies. As an 
example of the decoupling circuit, for capacitor C,, it should become a short circuit at the 
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receiving frequency. On the other hand, for inductor Li, it should become X g /4 (where X. g 
represents the receiving wavelength) for the receiving wavelength. 

[0027] 

As FET, and FET 2 are connected in series with respect to drain power source V dd for DC, 
it is possible to use a voltage higher than that shown in Figure 10 as the drain power source V d< j. 
Also, as the gate bias is fed in parallel to FETi and FET 2 for DC, it is possible to share the circuit 
of gate power source V gg . Consequently, for the low-noise amplifier shown in Figure 2, it is 
possible to simplify the constitution of the power source circuit, and there is no need to use a 
voltage-dropping circuit. Consequently, the circuit can be miniaturized. 

[0028] 

Figure 3 is a diagram illustrating Application Example 2 of this invention. It shows a 
low-noise amplifier and a mixer constructed of FETs. FET, and FET 2 are connected to drain 
power source V dd and gate power source Vgg in the same way as in the application example 
shown in Figure 2. However, they differ in the following feature: radio frequency (RF) input is 
sent to the gate of FET 2 , and a local oscillation signal input is sent to the gate of FET,. At the 
same time, the drain of FET 2 and the gate of FET, are connected together via coupling capacitor 

Co. 

[0029] 

FET 2 forms the low-noise amplifier, which amplifies the radio frequency (RF) input, and 
sends the amplified signal through coupling capacitor C c to the gate of FET,. FET, forms the 
mixer, which mixes the local oscillation signal input and the RF signal that is input through 
coupling capacitor Q , and generates an intermediate frequency (IF) output. 

[0030] 

In the circuit shown in Figure 3, too, it is possible to simplify the constitution of the 
power source circuit, and as there is no need to have a voltage-dropping circuit, the circuit can be 
miniaturized, just as in the case of Application Example 1. 

[0031] 

Figure 4 is a diagram illustrating Application Example 3 of this invention. It is another 
example in which a low-noise amplifier and a mixer are made of FETs. FET, and FET 2 are 
connected to drain power source V dd and gate power source Vgg in the same way as in the 
application example shown in Figure 3. Also, they are the same with respect to the feature that a 
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radio frequency (RF) input is connected to the gate of FET 2 and the local oscillation signal input 
is connected to the gate of FET,. However, they differ in the following feature: the drain of FET 2 
and the drain of FETi are connected together via coupling capacitor C c . 

[0032] 

FET 2 forms the low-noise amplifier, which amplifies the radio frequency (RF) input, and 
sends the amplified signal through coupling capacitor Qto the drain of FETi. FET, forms the 
mixer, which mixes the local oscillation signal input and the RF signal that is input through 
coupling capacitor C c , and generates an intermediate frequency (IF) output. 

[0033] 

Figure 5 is a diagram illustrating Application Example 4 of this invention. It is another 
example in which a low-noise amplifier and a mixer are constructed of FETs. FET, and FET 2 are 
connected to drain power source V dd and gate power source V gg in the same way as in the 
application example shown in Figure 3. Also, they are the same with respect to the feature that a 
radio frequency (RF) input is connected to the gate of FET 2 and the local oscillation signal input 
is connected to the gate of FET,. However, they differ in the following feature: the drain of FET 2 
and the source of FET, are connected together via coupling capacitor C c . Also, in this application 
example, C c in the decoupling circuit should be selected appropriately to have a high impedance 
for RF signals. 

[0034] . 

FET 2 forms the low-noise amplifier, which amplifies the radio frequency (RF) input, and 
sends the amplified signal through coupling capacitor C c to the source of FET,. FET, forms the 
mixer, which mixes the local oscillation signal input and the RF signal that is input through 
coupling capacitor C c , and generates an intermediate frequency (IF) output. 

[0035] m . , 

Figure 6 is a diagram illustrating Application Example 5 of this invention. This example 
pertains to a low-noise amplifier which can operate at two frequencies. The constitution of the 
power source circuit is not shown, as it is the same as that in the application example shown m 
Figure 2. 

[0036] 

In first matching circuit (1 1), radio frequency input P in 1 at frequency f, is matched to the 
gate of FET, as it is input. In second matching circuit (12), radio frequency input P in 2 at 
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frequency f 2 is matched to the gate of FET 2 as it is input. Third matching circuit (13) matches the 
drain of FET,, and it generates radio frequency output P ou t 1 at frequency f,. Fourth matching 
circuit (14) matches the drain of FET 2 and it generates radio frequency output P out 2 at frequency 
f 2 . 

[0037] 

For the circuit shown in Figure 6, FET, and FET 2 can amplify signals at different 
frequencies f, and f 2 , respectively. In this case, as matching circuits (1 1), (13) and matching 
circuits (12), (14) perform matching at frequencies f, and f 2 , respectively, it is possible to 
optimize the noise index and gain at frequencies f, and f 2 , respectively. Also, as drain power 
source V dd and gate power source Vgg are shared in this case, it is possible to simplify the 
constitution of the power source circuit. Also, as there is no need to arrange a voltage-dropping 
circuit, it is possible to miniaturize the circuit. 

[0038] 

Figure 7 is a diagram illustrating Application Example (6). This example pertains to a 
frequency converter which can operate at two frequencies. The constitution of the power source 
circuit is not shown, as it is the same as that in Figure 3. 



[0039] 

In first matching circuit (1 1), radio frequency input P in 1 at frequency f, is matched to the 
gate of FETi as it is input. In second matching circuit (12), radio frequency input P in 2 at 
frequency f 2 is matched to the gate of FET 2 as it is input. 

[0040] 

FET, operates as a mixer. It performs frequency conversion for radio frequency input 
P in 1 by local oscillation signal f„ , and it outputs IF signal at frequency f n . FET 2 also operates as 
a mixer. It performs frequency conversion for radio frequency input P in 2 by local oscillation 
signal f, 2 , and it outputs IF signal at frequency fa. 



[0041] 

Third matching circuit (13) matches the drain of FET,, and it generates IF output P ou . 1 a 
frequency f n . Fourth matching circuit (14) matches the drain of FET 2 , and it generates IF output 
P out 2 at frequency f 2 . 
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[0042] 

For the circuit shown in Figure 7, FET, and FET 2 can convert the signals at different 
frequencies f, and f 2 , and generate IF outputs at frequencies f„ and f i2 . In this case, matching 
circuits (1 1) and (12) perform matching at frequencies f, and f 2 , respectively, and matching 
circuits (13) and (14) perform matching at frequencies f„ and f i2 , respectively. Consequently, it 
is possible to optimize the noise index and gain for each system. Also, as drain power source V dd 
and gate power source Vgg are shared in this case, it is possible to simplify the constitution of the 
power source circuit. Also, as there is no need to arrange a voltage-dropping circuit, it is possible 
to miniaturize the circuit. 

Figure 8 is a diagram illustrating Application Example 7 of this invention. This example 
pertains to a local oscillation signal amplifier and a mixer constructed of FETs. FET, and FET 2 
are connected to drain power source V dd and gate power source V gg in the same way as that in the 
application example shown in Figure 2. However, they differ in that the radio frequency (RF) 
input is connected to the gate of FET, and the local oscillation signal input is connected to the 
gate of FET 2 and, at the same time, the drain of FET 2 and the gate of FET, are connected 
together via coupling capacitor C c and band-pass filter File. Here, band-pass filter File selectively 
allows the signal at the local oscillation frequency pass through it. 

[0044] , 
FET 2 forms the local oscillation signal amplifier. It amplifies the local oscillation signal 
input and sends the amplified signal through coupling capacitor C c and band-pass filter Fil^to 
the gate of FET 2 FET, forms the mixer. It mixes the RF input and the local oscillation signal that 
is input through coupling capacitor C c and band-pass filter File , and it generates an IF output. 

[0045] 

Just as in the aforementioned application examples, in the circuit of Figure 8, the 
constitution of the power source circuit can be simplified, and there is no need to have a 
voltage-dropping circuit. Consequently, the circuit can be mmiaturized. 

[0046] . nnu . 

Figure 9 is a diagram illustrating Application Example 8 of this invention. This example 
pertains to a mixer and an IF signal amplifier constructed of FETs. FET, and FET 2 are connected 
to drain power source V dd and gate power source V ffi in the same way as in the application 
example shown in Figure 2. However, they differ from each other in that the radio frequency 
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(RF) input and the local oscillation signal input are connected to the gate of FET 2 , and the drain 
of FET 2 and the gate of FETi are connected together via coupling capacitor C c and band-pass 
filter File. Here, band-pass filter Fil c selectively allows signals at the IF frequency pass through it. 

[0047] 

FET 2 forms the mixer. It mixes the RF input and the local oscillation signal input, and it 
generates a signal at the IF frequency, which is sent to the gate of FET 2 through coupling 
capacitor C c and band-pass filter File- FET, forms the IF signal amplifier. It amplifies the IF 
signal that is input through coupling capacitor Q and band-pass filter File , and it generates an IF 
output. 

[0048] 

Just in the aforementioned application examples, in the circuit of Figure 9, the 
constitution of the power source circuit can be simplified, and there is no need to have a 
voltage-dropping circuit. Consequently, the circuit can be miniaturized. 

[0049] 

Effect of the invention 

As explained above, in the radio frequency module for use at the terminal of a mobile 
communication device, etc., according to this invention, the constitution of the power source 
circuit can be simplified since the bias circuit is shared. Also, there is no need to have a 
voltage-dropping circuit. Consequently, the circuit scale can be reduced, and the circuit can be 
miniaturized. 

[0050] 

The radio frequency module of this invention performs low-noise amplification for the 
two types of signals, respectively. Also, it can be used for various other purposes, such as 
low-noise amplification and frequency conversion, local oscillation signal amplification and 
frequency conversion, frequency conversion and intermediate frequency amplification, etc. 

Brief description of the figures 

Figure 1 is a diagram illustrating the principle constitution of this invention. 
Figure 2 is a diagram illustrating Application Example 1. 
Figure 3 is a diagram illustrating Application Example 2. 
Figure 4 is a diagram illustrating Application Example 3. 
Figure 5 is a diagram illustrating Application Example 4. 
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Figure 6 is a diagram illustrating Application Example 5. 
Figure 7 is a diagram illustrating Application Example 6. 
Figure 8 is a diagram illustrating Application Example 7. 
Figure 9 is a diagram illustrating Application Example 8. 

Figure 10 illustrates an example of the constitution of a conventional receiving circuit, (a) 
shows the overall constitution, and (b) shows the constitution of the low-noise amplifier circuit. 

Explanation of reference symbols 
Tri Transistor 
Tr 2 Transistor 

2 Decoupling circuit 

3 Decoupling circuit 
Vdd Drain power source 
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Figure 1. Principle constitution of this invention 
Key: 1,2,3 Decoupling circuit 
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Figure 2. Diagram illustrating Application Example 1 of this invention 
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Figure 3. Diagram illustrating Application Example 2 of this invention 
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Figure 4. Diagram illustrating Application Example 3 of this invention 



Key:_ 1 Local oscillation signal input 

2 IF output 

3 RF input 



©A* 



(5)rfa* 




IFfU*® 



.•77!- ' 



Figure 5. Diagram illustrating Application Example 4 of this invention 
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2 IF output 
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Figure 6. Diagram illustrating Application Example 5 of this invention 
Key: 11, 12, 13, 14 Matching circuit 
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Figure 7. Diagram illustrating Application Example 6 of this invention 
Key: 11, 12, 13, 14 Matching circuit 
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Figure 8. Diagram illustrating Application Example 7 of this invention 
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Figure 9. Diagram illustrating Application Example 8 of this invention 
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Figure 10. Diagram illustrating an example of the constitution of a conventional receiving circuit 
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